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(54) LED Lumlnaire 

(57) An LED luminaire is formed such that a plurality 
of LED chips are disposed three-dlmensionally on an 
MID (moMed interconnection device) substrate In a rec- 
tangular plate shape, by mounting three LED chips on 
t)ottom face of respective dents provkJed lengthwise 
and crosswise In one surface of tfie MID sidsstrate, the 
LED chips including at least two types diffferent in lumi- 
nous color, desirably three types of red, blue and green 



colors. Any optional light distribution characteristic is 
made thereby easily obtainable depending on a config- 
uration of the substrate, luminaire module can t>e 
thinned, and such delicate color difference bs white 
color and day-light color of luminescent lamps is ena- 
bled by mixing the lumuious colors of the respective 
LED chips. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to an LED lununaire s 
formed wrth a plurality of light emitting diodes (LED) on 
a sLtetrate. 

DESCRIPTION OF RELATED ART 

10 

[0002] Gonventjonally, luminaires enploying candes- 
cent lamp or luminescent lamp as light source have 
been radiating infrared and ultraviolet rays in addition to 
visible rays, and such olher rays than the visible rays 
have been often affecting ill such objects irradiated as is 
€U1 o^ects, fbodstuffe and so on. Further, in these lunv- 
naires, the light source, he., the lamp has Its own life 
and is required to be exchanged for new one. 
[0003] Recently a light emitting diode (LED) of a high 
luminance has been suggested, and there have been 20 
used luminaires made not to radiate such harmful rays 
as the infrared, ultraviolet and the like rays. l>y means of 
such high luminance LED in a simple unit or, in particu- 
lar, a modulation of a plurality of LED's mounted on an 
LED discrete sUistraie. These LED lunrwiaires are 25 
advantageous in that the life is prolonged as compared 
with such light sources as the carKlescent and fluores- 
cent lamps, the lamp exchange or the like maintenance 
is freed, and handling abflity is excellent 
[0004] While the LED luminaires have such various so 
advantages as in the above, they still have such draw- 
backs as will be ref^ed to in the followings. That is. 
LED is of a single wavelength (single color) so as not to 
be ak>le to obtain the wtiite color, and LED is also strong 
in the directivity of light so that LED's of different wave- 3S 
length (luminous color) and mounted on the same 8ut>- 
strata as admixed will be unable to be mixed fully in their 
respective colors so as not to be able to easily ot>tain 
the white color fight source but rather to cause, in partic- 
ular, a shadow of the irradiated ot^ect to appear in rain- 40 
bow colors. Accordingly, It is impossible to realize the 
delicate color difference t)etween the wNte and dayGght 
cokNfs. as in tiie case of the lumlnaire employing the flu- 
orescent lamp as the light source. Further, when LEDis 
are mounted on the substrate at a high density, heat 45 
generation at the respective LED*s will result in an ele- 
vated temperature, so as to render the luminous effi- 
cacy and luminance to be detenorated. and the IKe of 
the respective LED's to be shortened. Since LED is 
large in its height dimension, further, it has been a so 
remarkable trouble when the thinning of the device is 
intended. 

[0005] For a related art of the kind referred to. a Jap- 
anese Utility Model Lxud-Open Publication No. 4-92660 
of Machida et al. discloses an LED lumlnaire in which ss 
LED's are arranged horizontally on a mounting plane of 
the substrate, with which arrangement however, the 
light emitted by these LED*s is limited only to be In ver- 



tical direction with respect t the mounting plane of the 
substrate, to be trout)lesome in the controllability of dis- 
tribution of light A Japanese Patent Laid-Open Publica- 
tion No. 1-283863 of Ikeda disctoses a resin moMing of 
a substrate Ibr mounting LED's but this substrate still 
has been unable to realize a desired control of the dis- 
tribution of Kght. 

SUMMARY OF THE INVENTION 

[0006] An object of the present invention ts to over- 
come ttie foregoing problems, and to provide an LED 
lumlnaire capable of easily attaining a desired distribu- 
tion of light and of being thinned. 
[0007] According to the present invenb'on. this object 
can be realized by means of an LED lumlnaire compris- 
ing a substrate formed to have at least one of a plurality 
of dents and a pluratity of protrusions, and a plurafity of 
light emitting diodes disposed witii respect to each of at 
least one of tiie plurality of the dents and a pluraHty of 
the protrusions. 

[0008] Ottier objects and advantages of the present 
invention shall become dear as the description 
advances with r^erence to prefen'ed embodiments of 
the invention shown in accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 

FIGURE 1 1s a sectioned view of tiie LED lumlnaire 
in an embodiment aocofding to the present Inven- 
tion: 

FIG. 2 is a perspective view of the lumlnaire in FIG. 
1; 

RG. 3 is a fragmentary, schematic sectioned view 
of another emtxximent of the present invention; 
FIG. 4 is a perspective view of the luminaire 
employing the embodiment of FIG. 3. witti part 
thereof shown as removed: 
FIG. 5 is a fragmentary, schematic sectioned view 
of further embodiment of the present invention: 
RQ. 6 Is a perspective view sMiar to FIG. 2 of 
another embodiment of the present Invention: 
FIG. 7a is an explanatory view for tiie arrangement 
of 1 cell In the entxxfiment of FIG. 6; 
RG. 7b is an explanatory view for tiie arrangement 
in a module comprising a plurality of cells in the 
emtxxiiment of FIG. 6; 

RG. 8 is a fragmentary, schematic perspective view 
of furlher embodiment of the present invention: 
FIGS. 9-12 are fragmentary, schematic sectioned 
views showing other embodiments respectively of 
the present invention; 

RG. 13 is a schematic sectioned view of the 
emkxxfiment of FIG. 12: 

FIG. 1 4 is a schematic plan view of the embodiment 
shown in FIG. 10 of the present invention: 
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FIG. 15a is a fragmentary secti ned view as magni- 
fied of artother embodiment of the present inven- 
tion: 

FIG. 15b is a front view of Itie embodiment of FIG. 
15a: 

FIG. 15c is a cross sectioned view of the emtxxli- 
mentof FIG. 15a; 

FIG. 15d is a vertically sectioned view of the 
embodiment of FIG. I5a; 

FIG. 16 is a fragmentary, schematic sectioned view 
of another embodiment of the present invention: 
FIG. 17 is a fragmentary, schematic side view of 
another emk>odiment of the present Invention; 
FIG. 1 8 and 1 9 are fragmentary sectioned views as 
magnified of respective further embodiments of the 
present invention; 

FIG. 20 Is an explanatory view for the operation of 
another embodiment of the present Invention; 
FIG. 21a is a fragmentary, schematic sectioned 
view of arralher embodiment of ttie present inven- 
tion; 

FIG. 21b is a fragmentary, schematic sectioned 
view of another enrtxxJiment of FIG. 21a; 
FIG. 22a is a fragmentary, schematic sectioned 
view in another aspect of the cdrave; 
FIG. 22b is a fragmentary, schematic perspective 
view of the aspect in FIG. 22a: 
FIG. 23 is a fragmentary sectioned view as magni- 
fied of further embodiment of the present invention: 
FIG. 24a is a fragmentary, schematic sectioned 
view of anotfier eniK)odiment of the present inven- 
tion; 

FIG. 24b is an explanatory view for the relationship 
l>etween the wavelength and the intensity of light in 
the embodiment of FIG. 24a; 
FIGS. 24 and 25 are fragmentary, schematic sec- 
tioned views respectively of another emlxxfimenls 
of the present invention; 

FIG. 26 is a fragmentary, schematic sectioned view 
of further embodiment of the present invention; 
FIG. 27 is a schematic plan view of the embodiment 
of FIG. 26; 

FIGS. 28-33 are fragmentary, schematic sectioned 
views respectively of further enrtxKliments of the 
present invention: 

FIG. 34 Is a fragmentary, schematic side view of the 
embodiment of Fia 33; 

FIG. 35 is a schematic perspective view, simaar to 
FIG. 1, of another embodiment of the present 
invention; 

FIG. 36 is a fragmentary circuit diagram of the 
embodiment of FIG. 35; 

FIG. 37 is a schematic perspective view as dsas- 
sembled of another emkxxiiment of the present 
invention: and 

FIGS. 38-40 are fragmentary, schematic sectioned 
views respectively of further entbodlments of the 
present invention. 



[POlO] While the present Invention shall now be 
described with reference to the respective entfxxfi- 
ments shown in the drawings, it should be appreciated 
that the Intention is not to limit the invention only to 
5 these embodiments shown t>ut rather to include all alter- 
ations, modifications and equivalent arrangements pos- 
sible within the scope of appended daims. 

DETAILED DESCRIPTION OF THE PREFERRED 
10 EMBODIMENTS 

[0011] In FIGS. 1 and 2, there is shown an embodi- 
ment of the present invention, in which a tf1ree-dimer^ 
sional circuit sutsstrate 10 in the form of a molded 

15 interconnect device (MID), in a rectangular plate shape 
Is formed to have in one surface many dents 11 
arranged lengtfiwise arxi crosswise, and preferably 
tiiree light emitting diode elements (which shall be here- 
inafter referred to as "l^D chf)*) 1 are mounted to a 

20 part or most part of a bottom, side or so face of each 
dentil. 

[P012] Next, manufacturing steps of the above &ut>- 
strate 10 shall be described. An insulative base is 
formed through an Ejection molding with such electri- 
cs cally insulative material as polyimUe, polyether tmide, 
pdyamide, liquid crystal polymer and the like, or ceram- 
ics, for exanple, AI2O3. SiC. Si3N4, Zr02 and the like, 
and the insulative k>ase is made Into a three-dimentional 
configuration by providing the dents 11 at mounting 
30 positions of the LED chips 1 . 

[001 3] After subjecting this insulative base to an alkali 
degreaslng. its surfaces are plasma-processed to acti- 
vate the surfaces and to finely rougthen them. Thereaf- 
ter, a metal film, that is, a plating grourxl layer of copper, 
36 silver, gold, nickel, platinum, paradium or the B<e is 
formed on the surfaces of the insulative base, tsy means 
of sputtering, vacuum evaporation or the lika TTiis metal 
film should preferably be of a thwkness of about 0.1 to 
2.0 pm. 

40 [0014] Then, such electromagnetic wave as laser or 
the like is radiated to partly remove the metal fDm. For 
this laser, a second hammnic generation YAG laser. 
YAG laser, excimer laser or the like Is preferable. By 
scanning the laser beam by means of a galvanomirror. 

45 ottier parts than circuit parts 12 on which a circuit is 
fbrmed on the surface of the insidative base, that is. 
rm-circuit parts 13 forming insulating space between 
the drcutt parts 12 are irradiated, and the metal film in 
Ixxjndary zone t)etween the circuit parts 12 and the 

50 non-circuit parts 13 is to be removed by radiatiiHl the 
laser beam along a pattern of tlie non-circuH parts 13, 
with respect to at least the boundary zone off the non- 
circuit parts 13 witfi respect to the drcuit parts 12. 
[0015] Next, an electric copper plating is performed 

ss through, for example, a copper sutfote plating batti (cop- 
p^ sulfete 80 g/1, sulfuric acki 180 g/1. chlorine and a 
IM-Ightner) while supplying an electric power to the circtat 
parts 12, an electric nickel plating is performed with, for 
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example, a Watte bath {nickel sulfate 270 g/I. nickel 
chtorWe 50 g/I, boric add 40 g/I and a brightner), an 
electric gold plating is pertbnned with, for example, arti- 
cles sold as TEMPEREX 401 of a firm EEJA. and a cir- 
cuit substrate on which metal films of a predetermined 5 
thickness, that is thethree<«menslonal circuit substrate 
10 is obtained. Residual metal fBms at the non-drcult 
parts 13 may be removed as required, by means of a 
soft etching or the like. 

[0016] The LED chips 1 are mounted in the dents 1 1 10 
of the substrate 10 obtained through the foregoing proc- 
ess, and the circuit parts 12 and LED chips 1 are elec- 
trically connected (die-bonding) with an electrically 
conductive adhesive. Thereafter, lop electrodes of the 
LED chips 1 and the circuit parts 12 are connected is 
through gold wires (wire-bonding). Inner surface 1 la of 
the dents 1 1 in which the LED chips 1 are mounted Is 
mirror-finished to render the dents to act also as a 
reflector, so that a high luminance and a high efficiency 
can be attained. Next, a transparent resin is charged In so 
the dents 11 to seal the LED chips 1. At this time, the 
sU)strate 10 should preferably be provided with a dam 
for preventing the transparent resin from f towing out of 
the dents 1 1 . Finally, a difliiser plate 15 consisting of a 
transparent resin is mounted to the surface, that is, the 25 
mounting surface off the substrate 10, and a module off 
the LED luminaire in the present embodiment is com- 
pleted. 

[0017] Since a plurality of the LED chips 1 are 
mounted in the dents 1 1 to dispose the chips in three- 30 
dimensional manner preferably on the three-dimen- 
sional circuit substrate 10 using the MID (moMed inter- 
connect device), it is enabled to easily attain the 
optional light distribution characteristic in accoidance 
with the conffiguiation of ttie substrate 10, and to render ss 
the module to be thinner ttian conventional ones in 
which many light emitting diodes of discrete type are 
disposed on the substrata Further, by mounting at least 
two types of tiie LED chips 1 different in ttie luminous 
cokMT. desirably three types of red, blue and green, it is 40 
made possible to realize such delk^ate color difference 
as that between the white and day-light colors in the 
case of the fluorescent lanp. witti tiie light off ttie whole 
module by mixing tt)e luminous colors off tiie respective 
LED chips 1. 4g 
[0018] While in tiie present embodiment the tiiree- 
dimensional configuration is formed by piovidlr^ tiie 
dents 1 1 in tiie substrate 1 0, tiie invention is not United 
to tills only but. for exanple. the substiate 10 may be 
provided witfi protrusions for mounting ttiereon tiie LED so 
chips 1 , or tiie substrate 1 0 may be formed in any one of 
various three-dimensionai configurations, to dispose 
ttie LED chips 1 three-dimensionally. 
10019] In FIG. 2. tfie dlffiiser plate 15 made of the 
transparent resin is omitted for a dear lllusti-ation of the ss 
disposition of ttie LED chips 1 in tfie dents 1 1 for the 
entire luminaire as well as the relationship in the electri- 
cal connection between the LED chips 1 and ttie circuit 



parts 12. Furttier. tti LED chips 1 are formed as 
molded with a transparent resin, for exanple, so as to 
be easy to accommodate in ttie dent 1 1 . 
[002(q In FIG. 3, tiiere is shown another embodiment 
of ttie present invention, in which ttie luminaire is consti- 
tuted such ttiat a plurality (for example. 100 pieces) off 
tiie LED chips 1 are mounted on a suriace of a resin- 
made substrate 1 0 (for example, 50x50 mm), a molded 
layer 10A of a transparent acrylic resin is formed on ttie 
surface off the substrate 1 0 to seal the LED chps 1 , and 
a microlens plate 27 formed to have many microlenses 
as ttie optical cortrol means for performing the emissfon 
control is disposed in consideration of the disti'ibution off 
light of tfie entire LED luminaire 30 being made into a 
module, and ttie distribution of fight Is so set by tfie mic- 
rolens plate 27 ttiat l^ht emitting angle of ttie entire LED 
luminaire 30 win be. tor example. -60"* to 60"*. 
[0021] Reigning also to Fia 4 In addition to FIG. 3, an 
mumlnation appliance 31 employing tiie above LED 
luminaire 30 is disposed on tfie tower surface of an 
appliance body 32, and tiie lower surface of tiie body 32 
is covered by a light transmitting lid. In ttie present 
enr^odiment, ttierefcare, tfie light cfstribution control is 
enabled to be eff icientiy performed by disposing tfie plu- 
rality off LED chips on ttie single substrate 10, and ttie 
microlens plate 27 allowvs such light distalbufaon control 
to be performaWe more effkaentty, in cor^nction witti 
the lig^ distaibution control attained t3y conbolling the 
direction of mounting off ttie LED chips 1. 
[0022] In anottier embodiment shown in Fia 5 off ttie 
present inventton. in contrast to ttie microlens plate 27 
tomied separately ffirom ttie molded layer IOA sealing 
ttie LED chips 1 in ttie embodiment of FIGS. 33 and 34, 
ttie motoed layer lOA is formed to be provided on its 
surface witii microlens section 27a as the optical confc-ol 
means for controlling the distribution of Ught of ttie 
respective LED chps 1 , witti ttie surface of the layer 1 0e 
spherically worthed or worked into any optional configu- 
ration. Other constituente are the same as those in ttie 
embodiment of FIG. 3. 

[0023] in ttiis case, it is also possible to ffbrm ttie opti- 
cal corrtrol means for a simultaneous light distribution 
control witti respect to ttie light fi'om a plurality (two to an 
optional number) of ttie LED chips 1. Instead of attaining 
correspondence of ttie respective LED chips 1 to ttie 
0P*'fa' control means. Accordingly, ttie fight distribution 
control as shown by anvwG can be realized by means of 
ttie microlens section 27a witii respect to ttie light of ttie 
LED chfps 1 in ttie LED luminaire 30 of the present 
embodiment. 

[0024] Since ttie molded layer lOA of tfie sealing 
material is made integral witfi ttie microlens section 27a 
in tfie present embodiment there is an advantage that 
any light loss occurs less to render the efffk;iency excel- 
lent, and ttie light disti'ibution conti-ol as to the plurality off 
LED chips 1 1s rendered easier. 
[00251 On the ottier hand, ttiere remains an Inconven- 
ience that due to tiie mounting off many LED chips 1 
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onto the single substrate 10. th whole of the substrate 
10 nfiust be exchanged when e/en one or part of the 
LED chips 1 cannot be lighted because of, for example, 
failure occurring during the manufacturing steps or 
deterioration with aga 5 
[0026] f^tow, in another emt>odlment shown in FIG. 6 
of the present invention, the luminaire is featured in that 
a module with a combination of monochromatic LED 
chips 1a-1d of such four different colors as red, green, 
Uud and yellow maxie as one unit is regarded as one 
cell 8, and the \JEO luminaire is constituted by combin- 
ing a plurality of the cells S. 

[002^ That is, the above LED chips la-Id off four 
colors are mounted as disposed in a matrix state to the 
respective dents 11 of the sheet-shaped sut)strate 10 
formed through the same process as in the embodiment 
of FIG. 1 (see also FIG. 7a}. Each dent 1 1 in which the 
LED chips 1a- Id of four different colors are thus 
mounted Is regarded as one cell S, and the cells S are 
cut into every cell at chain line portions in FIG. 6 by 
means of a dicing saw. Then each cell S thus cut is 
mounted again to a printed 8ut>strato or the like (see 
FIG. 7b). 

I0Q28] According to the present embodiment as has 
been descrit)ed. the LED luminaire is constituted such 
that each cell S corrtEuning the four LED chips 1 
mounted in each dent 1 1 is made as one unit, and a plu- 
rality of such cells S are combined, so that tpon occur* 
rence of non-lighted state at part of the LED chips 1 due 
to a failure apt to occur in the manufacturing steps or an 3o 
inherent deterioration with age, only one cell S contain- 
ing the particular non-lighted LED chip 1 may be 
exchanged with a good one. to allow the LED luminaire 
repaired at low costs. Further, kiy combining the cells S 
different in color mixing or light distrflxition characteris- ss 
tic, there arises an advantage that the LED lunvnaire for 
decoration use can he realized with a simpler arrange- 
ment. 

[0029] In another embodiment shown in FIG. 8 of the 
present invention, the luminaire is featured in that 4o 
means for a minute vibration of the LED chips 1 . i.e.. a 
micfomachine section 38 in the present embodiment is 
provided to the MID substrate 10. 
[0030] TTie micromachine section 38 is constituted by 
three t>eam sections 38a supported at one &nd In a can- 45 
tilever form, and crystal plates 38b provided on the 
beam sections 38a, and the LED chips 1 are provided In 
the vicinity of respective free ends of the beam sections 
38a. Furttier, a lens 39 should preferably be provided in 
front of the LED cNps 1 . so 
[0031] Next, manufacturing steps of the substrate 10 
of the present embodiment are descrit>ed only as to dif- 
ferent respects from the ertxxllment of FIG. 1. The 
substrate 10 is the MID sut>strate made of a ceramic, for 
which a mixture as kneaded of, for example, cUumina ss 
powder, a slip agent and a resin is injection moMed, and 
thus molded article is degreased, dried and sintered to 
prepare a ceramic molded article (molded substrate). 



Thereafter, this molded sut>strate is alkali-degreased, 
arKi surfaces of the ceramic are plasma-processed for 
the surface activation and fine roughening. Then the 
metal film of copper, silver, gold, nickel, platinum, palla- 
dium or the lito (plating ground layer) is formed on the 
surfeces of the ceramic through such proper process as 
sputtering, vacuum evaporation or the like. At this time, 
the metal film should preferably be of a thickness atx)ut 
0.1-2.0 Mm. Thereafter, the patterning is performed in 
the same manner as in the embodiment of FIG. 1 . thin 
crystal plates 38b are mounted on the beam sections 
38a, the LED chips 1 are mounted thereon, and the LED 
chips 1 are mounted thereon, to complete the LED lumi- 
naire modula 

[0032] Then, with an applicatfon of a voltage to the 
nucromachine section 38. the beam sections 38a can 
be vtMrated because of a reverse piezoelectrk: effect of 
crystal, and it Is enabled to cause the mounted LED 
chips 1 on the beam sections 38a to be finely vibrated. 
[0033] Accordingly, It is possible to otxtain optional 
color mixing and light distribution characteristic, by 
causing specific ones of the LED chips 1 finely vibrated, 
and also to improve fGckering characteristic which gives 
to people an unpleasant feeling. 
[0O34] In causing a new light source to appear in place 
of the fluorescent lamp, on the other hand, there arises 
an event where an emission of white light dose to the 
solar light is required. Perecerving tNs respect another 
embodiment of FIG. 9 arranges the LED chps 1 of dif- 
ferent luminous colors to prepare a desired cotor with 
several types of colors blended, and the light distribution 
control is perfonned t>y the optical control means acting 
to blend the light of different colors. 
[0035] That is, the modular LED luminaire 30 is con- 
stituted such that four LED chips 1 including, for exam- 
ple, an LED ch'p IB emitting blue light, LED chip 1G 
emitting green light LED chip 1R emitting red light and 
LED chip 1Y emitting yelkiw light are disposed on the 
resin-made sitetrate 10 at predetermined intervals, 
prisms 28B, 28G, 28R and 28Y corresponding respec- 
tively to the LEDch^ IB, 1G. IRand lYare disposed 
in front of the chips, and the respective colors of tight 
from the respective LED chips IB. 1G. 1R and 1Y are 
mixed at the central part of the 8ufc>strate lOthrough the 
light distritxition corttrol by means of the prisms 28B. 
28G. 28R and 28Y into a white light W. 
[P036] In the akMve embodiment, it is possible to 
obtain substantiafly white light W, which can be 
employed for various uses. In ttiis case, it is also possi- 
ble to otrtain any optional odor of light by oontroHing the 
distribution of light with such optical control means as 
the prisms or the like. 

[0037] In another enttxxtiment shown in FIG. 10 of the 
present invention, the luminaire is featured in that the 
substrate is formed to provxie to the light ^tting direc- 
tion of the plurality of LED chips 1 a regularity, and, as 
seen in FIG. 10, tiie substrate 10 is formed to have a 
surface sawtoottied in section on the mounting surface 
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side, and the LED chips 1 are mounted on slanted side 
faces 10a of respective sawtoothed ridges. 
[Q038] Generally, mounting direction to ttie substrate 
10 and light emitting direction have the regularity; but it 
is possible to obtain desired characteristics of fight dis- 
tribution and light fbcusing. by fbrming the MID sut>- 
slrate 10 In an optional three dimensional configuration. 
[0039] Since the completed module is so formed that 
the mounted LED cNps 1 are faced regularly in one 
direction, there arises an advantage that the emitted 
light is distributed in one direction to improve the lumi- 
nous efficiency. 

[0040] According to the present embodiment as has 
been desaibed. further, the substrate 10 is formed to 
provide the regularity to the light emitting direction of the 
pluralify of LED chfps 1 , so that there arise advantage 
that the light distribution characteristic can be easily 
controlled In accordance wHh the configuration of the 
substrate 10, and that the utilization is made exc^lent 
by the light focusing and distribution taldng into account 
the whole module. Further, as tiie light distribution can 
be controlled by means of the configuration of the sub- 
strate 10. such optical means as a lens is made unnec- 
essary advantageously. 

[0041] Fiffther, in the above case, saw-tooth shaped 
slanted side faces 10a as the light control means may 
also be formed on tiie surface of the substrate 10 in a 
plurality, and the LED chips 1 are mounted on the 
slanted side faces 10a so as to render their p-n Junction 
plane to be substantially vertical to sloped mounting 
surface of ttie slanted side laces 10a. As the LED chips 
1 radiate the light in all direction In the p-n junction 
plane, the light radiated from ttie LED chips 1 is made 
substantially vertical to tiie surface of the slanted side 
faces 10a. Here, the surfaces of the slanted side faces 
1 0a are formed to be mutually parallef , and therefore the 
emitted light of the respective LED chips 1 will be also 
mutually parallel, whereby it is enabled to radiate paral- 
lel light from the LED lunvnaire module, to improve the 
utilization of light. 

[0042] Since in this way the surface of the sutvstivte at 
positions where the LED chtps 1 are mounted is formed 
in such three dimensional configuration preferably as 
the sawtooth shape and so on taWng into account tiie 
distribution of light in the case when the plurality of the 
LED chips 1 are disposed, it is enabled to render a prb- 
vision of separate optical means unnecessary, and the 
light of the LED chips can be utilized highly efTicientiy. 
[0043] Further, in contrast to the embodiment of FIQ. 
1 0 In which the LED chips 1 are mounted on the slanted 
side face ICa of the substrate 10. the LED chips 1 will 
be so arranged, as shown in FIG. 1 1 , that ligfit emitting 
direction of the respective LED chips 1 will be turned in 
a specific direction or, for example, converged to an 
object In tNs aspect, the luminalre can be remarlcably 
improved in the light distribution charactertetic and the 
light fbcusing characteristic with respect to an existing 
ot>|ect or objective zone. 



[0044] In FIG. 12, th r is shown anathef embodiment 
of the present invention. In which the LED luminaire 
made In a module is so constituted that the substrate 1 0 
carrying a plurafity of the LED chips 1 per se is provided 

5 witti a light control means 1 1 A constituted by small con- 
tinuous dents for oontroinng the light distribution of ttie 
respective LED cNps 1 . the light distribution of the LED 
chip 1 is thereby made controllable as desired without 
provision of any otfier optical means ttian the substrate 

10 10. and the LED chip 1 is improved in the utilization of 
light. 

[0045] In another embodiment shown in FIQ. 1 3, fur- 
ther, the LED luminaire is provided with a substrate 10 
sutsstantiaOy of 50 mm in outer diameter in common, 

75 and a suriiace of the substrate 10 is polished to form a 
paraboloid 10b which functions as tiie fight control 
means and also as a reflector surface. On tiie parabo- 
loid 10b of tills sul)strate 10. a plurlality of tiie LED chips 
1 are mounted so tiiat ttieir p-n junction plane (bound- 

20 ary plane between p-type and n-type semiconductors) 
will be substantially vertical with respect to tiie parabo- 
loid 10b. In this case, the LED chips 1 emit the fight in all 
direction in the p-n junction plane, so that the light is 
radiated from the l-ED chips 1 sutsstantiafiy in vertical 

25 direction witti respect to the paratxsloid 10a, and the 
paraboloid 10a is so formed as to concentrate the emit- 
ted light of the respctive LED chips 1 to concentrate to a 
single point in the space. 

[0046] In anotiier embodiment shown in FIG. 1 4 of the 

30 present inventton, the luminaire is provided wrtti the 
substrate 10, a plurality of the LED chips 1 mounted on 
the surface of the sut>strate 10 In a matrix shape, and a 
reflector surface 10c formed with, for example, alumi- 
num film on the surface of the suttstrate 10 between 

35 adjacent ones of the LED chips 1. And in tiie present 
embodiment the aluminum film high in the reflection ^i- 
dency is employed for the reflector surface 10c it is not 
necessary to Hmit the reflector surface 10c to be of the 
aluminum film, but any other metal material ttian the 

40 aluminum fOm and high in the reflection factor such as 
silver may be emplqyed. Further, when an insulative 
8uk>5lance is employed as the material for the reflector 
surface lOa it Ispcwsible to avoid any danger of short- 
circuiting between the LED chips 1 or a wiring pattern 

45 (not shown) forming a llgtiting circuit for the LED chips 1 
and the reflector surface 10c. 

[0047] Generally, the LED chip 1 is to emit tiie light 
upon movement of electrons on the p-n junction plane 
witti a current made to flow through the p-n junction in 

50 forward cfirection, and the fight emitting direction will be 
in all direction in the p-n junction plane. Therefore, in an 
event where the LED chips 1 are disposed on the sub- 
strate 1 0 so that their p-n junction plane wfil be 8Ut)6tan- 
tially vertical to the surface of the substrate 10. the light 

55 is radiated not only on tiie front side of the substrate 10 
kMJt also to directions parafiel to the substrate 10 or in 
directions toward rear surface of the substrate 10. Due 
to tNs, an eflMive utilization of ttie emitted light of ttie 
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LED chips 1 is liinited when the surface of the substrate 
10 only is attempted to be made into the three<Dmen- 
sional configuration as In the embodiment of FIQ. 14. 
Accordingly, by causing the radiated light from the LED 
chips 1 in substantially parallel direction with the sub- 
strate 10 to be reflected in a desired direction by the 
reflector surface 10c as the Oght control means, it is 
made possble to utilize not only direct light radiated 
from the LED chips 1 onto the front side of the substrate 
10 knit also the light radiated from the LED chips 1 can 
be utilized, the utilization of the emitted light of the LED 
chips 1 is elected, and the intensity of light of the mod- 
ular LED kirrenaire can be raised sufficienAiy. 
[0048] Further, the reflector surface 10c may be 
formed three dimensjonafly so as to be able to reflect 
the 6ght from the LED chips 1 in a desired direction. 
Also, Ihe rejector surface 10c may be so fonmed that 
the direct light radiated from the LED chips 1 on the 
front side of the 8ut)strate 10 and the relfected light by 
means of the reflector surface 10c will be respectively 
radiated in different directions, and the LED luminaire 
can be increased in the variation of the light distribution. 
[0049] While in the above embodiment of FKB. 1 4 the 
reflector surface 10c for reflecting the emHted l^ht of the 
LED chips 1 in the desired direction is formed on the 
surface of the suk)slrate 1 0. another embodiment shown 
in FIGS. 28a-28d of the present invention enrploys an 
arrangement in which the wiring pattern of the lighting 
circuit for the LED chips 1 formed on the surface of the 
sut^strate 10 is made to also act as the r^lector surface 
10c. 

[0050] In this case, as shown in FIG. 1 5a. plated nickel 
layers 17 constituting the wiring pattem of the lighting 
circuit for the LED chips 1 are formed on the surface of 
the substrate 10. At end parts of the plated nickel layers 
17, terminal sections 18 comprising a plated gold are 
are formed, arxl the p-type and n-type semfoonductors 
of the respective L£D chf>8 1 are mounted onto these 
teminal sectfons 18 with the soldering or electrically 
conductive paste employed. Further, as shown in FIG. 
15b, three LED ch^ 1 are connected in series In for- 
ward direction through the plated ntokel layer 17, and 
three of units 20 each comprising such three LED chips 
1 are provided. The respective units 20 are mutually 
short-circuited at the plated nickel layers 1 7 on t>oth side 
ends through short-circuit sectkms 21, and a circuit in 
which the three, series connected LED chips 1 are con- 
nected mutually in parallel is formed. 
[0051] In this case, the L£D chips 1 are mounted on 
the substrate 10 so tiiat the p-n Junction plane will be 
suksstantially vertical to the surface of the suk)Strate 10, 
slanted side faces 10a are formed arourKl the L£D 
chips 1 mounted on the substrate 10 so as to protrude 
on the front side of the suk^strate 10 as separated from 
the LED chips 1 . and the plated nid^l layers 1 7 on the 
slanted side faces lOa are r^lecting the emitted light 
from the chips in a desired direction. 
[0052] As has been described, the LED luminaire of 



th present embodiment empfoys the plated nickel lay- 
ers constituting the wiring pattern also as the r^ector 
surface, so that the reflector or so Is not required to be 
separately formed, the circuit design can be performed 

5 without taking into account the contact between the 
reflector surface and the wiring pattem. and the free- 
dom of the design Is made high. Further, in order to 
increase the reflected light by means of the plated nickel 
layers 1 7 as a whole of the modular LED luminaire, non- 

10 conductive sections 22 on the surface of the sut^strate 
10 may t>e minimized in the surface area and the plated 
nickel layers 1 7 may be increased in the surface area 
[0053] bi another embodiment as shown in FIG. 1 6 of 
the present invention, the luminaire is featured in that 

IS the MID substrate 10 is formed to have sequential pro- 
trusfons 28 in multilayers so as to be in a so-called tower 
configuration or a spiral configuration as a whole in 
which the protrusions 28 are raised sequentially to be 
higher towards the center, and a plurality of the LED 

20 chips 1 are disposed on the respective layers of such 
protrusions 28. 

[0O54] The 8ii>8lrate 10 is injection-molded using a 
mokl made in the tower oonfiguratfon. Following steps 
are in common with the embodiment of FIG. 1 and their 

25 description is omilted. except that the sealing with the 
synthetic resin is not performed after the mounting of 
the LED cfiips 1 to the substrate 10. 
[0055] On the other hand, the power supply to the 
LED chips 1 causes tenperature of ttie chips to rise and 

30 an ascending cunrent to occur with ambient air of the 
chips warmed, the air thus ascends along the protru- 
sions 28 of the substrate 10. while air at a lower temper- 
ature is caused to be introduced from lower part of the 
substrate 10 to drive the heat thereout and to cool it. 

36 [0056] In the present embodiment as has been 
described, it is enabled to prevent the tenperature rise 
from oocurring in the LED chips 1 witii the heat of the 
chips dispersed by means of an air current i.e., a con- 
vectfon, since the whole body of the sul>strate 10 is 

40 made in the so-called tower or spiral configuration by 
the formation of the multilayered protrusions 28 on each 
layer of which the LED chips 1 are provUed, wheret>y 
the luminous effidefYcy and luminance of the LED chips 
1 can be prevemed from bang deteriorated, and the life 

45 of the chi|3s can also be prolonged. 

[0057] In an conventional discrete type light emitting 
dkxJe. the epcxy resin for sealing the LED chips, for 
example, are formed into a cannon ball shape so as to 
act as a lens, to be able to radiate ttie light substantially 

60 in all direction of seo*". whereas, in the case where a 
plurality of light emitting diodes are to be mounted on 
the substrate, the light radiatfon in aO radial cRrections is 
made difficult due to the interception of the substrata 
[0058] In another emtxxJiment shown in F IG. 1 7 of the 

ss present invention, the luminaire is featured in that a plu- 
raity of dents 36 are formed in both side surfaces of the 
MID substrate 10, and the LED chips 1 are mounted to 
ttie bottom of ttie respective dents 36. so ttiat the light 
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can b radiated sU)stantiaIly in a(l circumferential direc- 
tions of the substrate 10. Manufcicturfng steps for this 
substrate 1 0 are the same as in the embodiment off FIG. 
1 and their description Is omitted. 
[0059] According to the present embodiment as 5 
described above, a plurality of the dents 36 are formed 
In each of both side surfaces of the sutsstrate 1 0 and the 
LED chips 1 are mounted to the bottom of the respec- 
tive dents 26. so that the light can be radiated substan- 
tially in all directions, and the luminaire can be used in io 
similar manner to the conventionai fluorescent arKi can- 
descent lamps. Further, with mourrting density of the 
LED chips 1 with respect to the substrate 10 increased, 
there arise advantages tf^ the entire luminance can be 
intproved, and further that the design freedom of the 75 
light distrfeution is enlvged 
Vmai Further, as the LED chip 1 emits the light in all 
direction in the plane of the p-n Junction, the light emit- 
ted from the LED chips 1 towards the substrate 10 is 
interc^ed by the sut)strate 10 in the event where the 2o 
LED chips 1 are disposed on the 6ufc)strate 10 to posi- 
tion the p-n junction plane sut>stantially vertical to the 
surface of the substrate, even though various configura- 
tions of the substrate 10 and mounting direction of the 
LED chips 1 are observed, and it is difficult to utilize all 2S 
emitted light of the LED chips 1. In another emtxxliment 
as shown in FIG. 18 of tiie present invention, therefore, 
a light transparent resin is employed as the material of 
the substrate 10 fdr mounting the LED chips 1. so that 
the tight radiated to the side of the substrate 10 can be so 
utilized as transmitted to the other side of the 8ut)strHte 
10. 

[0061 ] That is. the luminaire is constituted by the sut>- 
slrate 10 formed with a transparent acrylic resin. LED 
chips 1 disposed on the 8Ut)strate 10 to position the p-n 3S 
junction plane substantially vertical to the surface of the 
substrate 10, and transparent sealing 23 formed on the 
surface of the substrate 10 for protecting the LED chips 
1 . While in this case the acrylic resin is enrptoyed for the 
material of the sutTstrate 10, the mat^al is not required 40 
to be limited to the acrylic resin but may be such trans- 
parent resin as polycarbonate or the like other than the 
acrylic resin. 

[9062] Now. with the use of the light transparent mate- 
rial for the substrate 10 and sealing 23. the light emitted 45 
from the LED chips 1 towards the substrate 10 is trans- 
mitted through the substrate 10 to be radiated to the 
exterior on the rear surface side of the substrate 10, and 
the light radiated on the front surface side of the sut>- 
strate 10, i.e.. on the sealing 23 skle is transmitted so 
through the sealing 23 to be radiated to tiie exterior. 
Accordingly, the light control means is constituted by the 
sut>strate 10 formed with the light transparent resin per 
se, so that the light radiated on the front side as well as 
the light radiated on the rear side of the substrate 1 0 55 
can be utilized, and the utilization of the light of the LED 
chips can be elevated. While in the present embodiment 
the substrate 1 0 as a whole is formed by Ihe transparent 



resin, it Is possfole to form the substrate 10 with the 
transparent resin only at portions where the LED chips 
1 are mounted. 

[0063] In order to electrically connect the LED chips 1 
mounted on the substrate 10 to the wiring pattern 
formed on the substrate 10. it Is required to provide on 
the LED chips 1 an electrode section made off such 
metal material as aluminum and to connect thas elec- 
trode to the wiring pattern on the substrate 1 0 by means 
of bonding wire, whereas there remains a problem that, 
as the electrode section formed on the LED chips is not 
transmissive to the fight, the emitted light of the LED 
chips 1 is intercepted by such ^ectrode section, and a 
shadow is cast. In another emtxxliment shown in FIG. 
19. on the other hand, a transparent, electrically con- 
ductive member having the Kght transmission properties 
is employed for the electrode section for power supply to 
the LED chip, and the emitted light off the LED chli>5 1 
can be prevented from being intercepted. 
[0064] Accordingly, the luminaire comprises the sub- 
strate 10 made of a resin which does not transmit light, 
an electrode section 24 formed on the surface of the 
sut>strate 10. a plurality of the LED chips 1 mounted on 
the electrode section 24. and a further electrode section 
24a provided on the top of the respective LED chips 1 , 
wherein the elecbrode sections 24 and 24a €ire t>oth 
formed with indium-tin oxide (ITO) which is a transpar- 
ent conductor. In this case, the n-type semiconductors 
la of the resjMClive LED chips 1 are electrically con- 
nected to the one electrode section 24 and the p4ype 
semiconductors lb are electrically connected to the 
other electrode section 24a. Further, tiie electrode sec- 
tion 24 is electrically connected to the wiring pattern 
(not shown) formed on the sut)strate 10. while tiie elec- 
trode section 24a is electrically connected through a 
bonding wire (not shown) to the other wiring pattern 
formed on the sut>strate 10. Thus, the LED cNps 1 are 
connected through the electrode sections 24 and 24a to 
the wiring patterns. Further, the protrusions 10c are 
formed on the substrate 10 to t>e between adjacent 
ones of tiie LED chips 1 , the light radiated from the p-n 
junction plane of the LED chips 1 is reflected on the pro- 
trusions 10c of ttie substrate 10 and is radiated in a 
direction of desired lic^ distribution. 
[0065] Since tiie transparent electrode sections 24 
and 24a are employed for electrically connecting the 
LED chips 1 to ttie wiring pattenrs. the emitted light of 
the LED chips 1 is not intercepted by the electrode sec- 
tions 24 and 24a, so that the utilization of the light of the 
LED cNps 1 can be improved, and any loss of the emit- 
ted light can be reduced. 

[0066] While in the present ^rbodiment ITO is 
empfoyed for the electrode sections 24 arxt 24a. they 
may not be limited to TTO, but such other transparent 
conductor than ITO as cadmium-tin oxide (CTO) or the 
like may be used. Further, with a use of a substrate of 
light transmission properties as the substrate 10. the 
emitted light of the LED cht>s 1 can t>e prevented from 
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being intercepted, and the utiBzatton of the emitted light 
of the {£D chips 1 is further improved. 
[0067] On the other hand, the l^D chip 1 emits light 
upon movement of electrons at junction boundary plane 
between P-type semiconductor 1 a and N-type semicon- 
ductor lb, which light is radiated In all directiorrs in a 
plane including the junction boundary plane, while it is 
apprehended that the light is intercepted in the direction 
in which the LED chip is mounted to the substrate 10 or 
by the metal wire 14, so that the radiating direction of 
light is restricted and shadows are cast (see FIQ. 20). 
[0068] Here, in the present embodiment, the luminaire 
is featured in that, as shown in FIGS. 21a and 21b. the 
LED chip 1 is deposed to position the P-type and N- 
type semlcofKluctors 1a and lb to be in a row substan- 
tially vertical to the mounting surface of the substrate 
10. Otti^ respects in the arrangement are the same as 
in tiie embodiment of FIQ. 1 and their descrlptkm is 
omitted here. 

[0069] As shown in FIGS. 21a and 21b. in this case, 
the part of the sitetrate where the LED chip 1 is 
mounted is raised one stage from surrounding part, 
pads 33 are provided on both sides of the raised parts, 
and the connection of these pads 33 to the P-type and 
ISI-type semioonductors 1a and 1b of the LEO chip 1 is 
performed by means of soldering or the electrically oon- 
ductive adhesive. Here, as the LED chip 1 is mounted 
onto the raised part, so that any short-circuit trouble can 
be prevented from oocum'ng at the time of such connec- 
tion. For the LED ctiqs 1. one of a cube of 0.3 mm. for 
example, is desirable. 

[0070] According to the present embodiment as has 
been described, the l^D chip 1 is disposed to position 
the P-type and N-type semiconductors la and lb in the 
row substantially to be parallel with the mounting sur- 
face of the substrate 10, so that the junction plane of 
both semioonductors will be sutjstantially orthogonal to 
the surface of the sUsslrate 10, the emitted light from 
the LED chip 1 is radiated in the <firection vertical to the 
substrate 10. whereby the metal wires 14 are made not 
to intercept the light so as not to cast any shadow, and 
the luminous efficiency of the LED chip 1 can be ele- 
vated. 

[0071] Further, as shown in FIGS. 22a and 22k>. by a 
provision of recesses 33A at fillet portions to join tiie 
LED ch^ 1 with the Insulative adhesive or the like per- 
formed witNn the recesses 33A. the short-circuiting 
upon the electric connection can be also prevented firom 
occurring. 

[0072] Accordingly, the disposition of the LED chips 
1 so as to dispose the P-type and N-type semiconduc- 
tors la and lb in the row sut>stantially vertical with the 
mounting surface of the substrate 10. the light emitting 
direction of the LED cNp 1 can be rerxlered substan- 
tially vertical with the substrate 10, the metal wires 14 
are ccujsed not to cast any shadow, and the LED chip 
can be increased in the luminous effidency. 
[0073] In another enlbodiment shown in FIG. 23 of the 



present invention, the luminaire comprises the sut>- 
strate 10, and the L£D chips 1 disposed in respective 
dents lOd formed in the surface of the substrate 10, and 
a through hole lOe is formed as a light control means as 

5 penetrating through the suk>strate 1 0 at positions where 
the respective dents lOd are fonned. 
[0074] The LED chips 1 are disposed to position tiie 
p-n junction plane substantiaDy vertical to the surface of 
the substrate 10. and the n-type and p-type semicon- 

10 ductors la and lb of tiie respective LED chips 1 are 
electrically connected to the wiring patterns (not shown) 
formed on the substrate 10 respectively As the LED 
chips 1 emit ligtit in all direction in the p-n junction plane, 
so that part of the emitted light of the LED chips 1 will be 

15 radiated on the front surface side of the substrate k>ut 
the rest win be radiated to the rear surface side of ttie 
substrate 10 through the penetratir^ hole 10e, and ttie 
light can be radiated on both sides of tiie substrate 10. 
[0075] Here, a comk)ined use of LED chq^s (not 

20 shown) disposed on the front surface of the sut>strate 1 0 
to position the p-n junction plane in parallel to the sur- 
face of the substrate 10 for radiating Cght emitted from 
tfie p-n junction plane on the front side as reflected on 
the sut)strate 10, with the LED chips 1 mounted on the 

25 sul>strate 10 in the orientation as shown in FIQ. 23 for 
the radiation of light onto both sides of the substrate 10, 
allows the luminaire to radiate the light to both sides of 
the substrate 10. 

[0076] A r^lecting mataial is applied to the inner 
30 walls of the penetiHting holes lOe, so that ttie light from 
the LED chips 1 can be prevented from l>eing at>sort>ed 
by the substrate 10. 

[0077] Since the emission of the LED chips 1 is nor- 
mally a monochromatic light, further, it is required to mix 

36 a plurality of luminescent cotors for obtaining such wtiite 
light as solar light Taidng into account this respect, the 
white tigtit is obtained in another emtxxliment shown in 
FIGS. 24a and 24b, Isy utilizing ttie emission of fluores- 
cent substance and mixing the emission off the LED 

40 chips 1 wTtti ttie emission of the fluorescent sufc)strata 
[0O78] That Is, a luminaire is constituted by the sub- 
stiate 10, the dents lOd formed In a surfece of the sut>- 
strate 10, a fluorescent sut>stance 25 applied to inner 
surface of ttie dents lOd. and the LED chips 1 nwunted 

45 in the respective dents 1 0d. 

[0079] As shiown in FIG. 24b, the emission spectrum 
P of ttie fluorescent substance 25 is not identical wifli 
but rather different from the emission spectrum O of the 
LED chips 1. so that, a light which is different from the 

60 light of ttie LED chips 1 can be obtained by mixing the 
light of ttie LED chips 1 with the light of ttie fluorescent 
siA)stance 25 with the latter applied to the positions on 
the sut3strate 10 where the LED ctiips 1 are mounted, 
and the white light can be obtained depending on the 

55 light of the fluorescent substance 25. Because the LED 
chips 1 and the fluorescent substance 25 are different in 
the emission luminance, an optimum fater (not shown) 
may be provided on the surface of the LED chips 1 for 
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adjusting the emission luminance. Further, as an inti- 
mate relationship is present between the emission 
colors of the LED chips and fluorescent sut>stance 25. it 
may suffice the purpose of controlling the emission 
color of ttie LED luminaire as a whole to employ the s 
LED chips 1 which emits ultraviolet or Infrared rays. 
[0060] in FIG. 25. anottier embodiment of tiie present 
invention is shown, in which a metal plate 1 6 acting as a 
ground of tlie circuit including the LED chips 1 is pro- 
vided on rear surface (opposite side of mounting sur- io 
face) of the substrate 10. the LED chips 1 are mounted 
on the metal plate 16 (of. for example, copper) at por- 
tions exposed at the bottom of the dents 11 . so as to be 
featured in the an^ngement where the heat generated 
by the LED chips 1 can be highly efficiently radiated is 
through the metal plate 16. Since other respects of the 
arrangement are substantially the same as those of the 
embodiment of FIG. 1. and tfieir description is omitted 
here with the same constituents as those in FIG. 1 
denoted by the same reference symbols in FIG. 25. so 
[0061] Next, manufacturing steps of the substrate 1 0 
iri tfie present embodiment shall be descnlsed only for 
different respects from tiie embodiment of FIQ. i. The 
metal plate 16 of a proper size and shape is placed in a 
mold, and an insulative tiase is formed by means of an 25 
insert irijection molding. As tiie electrically insulating 
material, polyimide, polyether imide, polyamide, liqtid 
crystal polymer or tiie like is used similar to the errtod- 
iment of FIG. 1 . the metal plate 16 may be preliminarily 
formed in a tiiree-dimensional configuration tfvough a so 
sheet-mefai working, machine working, chemical 
ing or the like. 

[0062] Here, ttie metal plate 16 is exposed at the fore- 
going bottom of the dents 1 1 in wNch the LED chips 1 
are mounted, by so disposing the metal plate 16 in the 35 
bottom simuHaneously witti the molding, or by removing 
the moMed resin by means of the laser or honing after 
the mokling. After alkali-degreasing the insufative base, 
the metal plate 1 6 is subjected at its surfaces to a chem^ 
ical etching in order to activate the plata Next the sur- 4o 
faces of tiie insufative base are plasmaijrocessed to 
peribrm ttie ajrface activation and fine surface roughen- 
ing. Thereafter, similar to tiie embodiment of FIG. 1 . tiie 
metal layer is formed to provide the circuit parts 12 and 
non-circuit parts 13, eventually tiie LED chips 1 are 4S 
mounted In ttie dente 11 and are sealed by tiie transpar- 
ent resin, and tiie cfifhjser plate 15 is mounted to tiie 
mounting side of tiie substrate 10 to conplete tiie mod- 
ule of the LED luminair& 

[0083] According to tiie present embodiment, as has so 
been described, tiie metal plate 1 6 and LED chi>s 1 are 
brought Into direct contact witti each other by mounting 
the LED chips 1 to ttie metal pfate 16 witii tfie mefal 
plate 16 made as a common ground of the circuit, so 
that ttie heat generated by the LED cfvps 1 can be radi- ss 
ated and removed tfirough ttie metal plate 16. For this 
reason, it is enabled to prevent the temperature of the 
LED chips 1 from rising, to prevent ttie luminous effi- 



ciency and luminance from being deteriorated, and to 
extend ttie life of ttie LED chips 1 . 

[00841 frianotfier embodiment shown in FIQ. 26 of ttie 
present invention, ttie luminaire is featured in tfiat a heat 
emitter 16A consisting of a metal and reflecting light is 
disposed around ttie LED chips 1 . and tills heat emitter 
16A of ttie LED chips 1 is made to be used also as tfie 
reflector (see also FIG. 27). Since otfier respects of tiie 
arrangement are substantially ttie same as those in ttie 
embodiment of FIQ. 1 , tfie same constituente as those 
in FIG. 1 are denoted in FIGS. 26 and 27 by ttie same 
reference symtjote to omit their description. 
[0085] Next, manufacturing steps of ttie substrate 1 0 
in ttie present embodiment shall be descrit>ed only tor 
different rejects from the embodiment of FIG, 1 . The 
heat emitter 16A (Ibr rample, a copper plate) of proper 
dimenstons and configuration is placed in ttie mold to 
fomi ttie Insufative base ttirough tfie insert injection 
mokling. For ttie electrically insulative material, similar 
to tfie foregoing embodlmente. polyimide, poyether 
imide, polyamide. ik^ukj crystal polymer or tiie like is 
used. The heat emitter 16A is preliminarily fomied in a 
tfiree-dimensional configuration (a configuration in 
which many dents 1 6B for mounting the LED chips 1 are 
disposed, concretely) suitable as tiie reflector, by 
means of the sheet metal working, machine woriting, 
chemical etohing or the Gke. 

[0086] Aflerdegreasing tills insufative base, a chemi- 
cal etching is peribrmed witti respect to surfaces off ttie 
heat emitter 16A to activate ttiem. Next, tfie surfaces of 
ttie insulative base are plasma-processed fbr ttieir acti- 
vation and fine roughening. Tliereafler, tiie metal teyers 
are fomied to provMe tiie circuit parts 1 2 and non<lrcuit 
parts 13, eventually the LED chips 1 are mounted in tiie 
dents 16B of ttie heat emitter 16A and are sealed by ttie 
transparent resin, and tfie LED luminaire module can be 
completed by mounting the diffuser 15 on the mounting 
side of ttie substrate 1 0. 

[0087] According to tfie present embodiment, as has 
been described, ttie heat emitter 16A and LED chips 1 
are brought Into direct contact witti each ottier by dis- 
posing tiie heat emitter 16A acting also as tiie reflector 
around the LED chips 1. so that ttie heat generated at 
ttie LED chips 1 can be removed as efRclenfly emitted 
ttirough ttie heat emitter 16A. Fbr ttiis reason, it is ena- 
bled to prevent tiie temperature off ttie LED chips 1 from 
rising, to prevent tiie luminous eff idency and luminance 
from being deteriorated, and to extend tiie life of ttie 
LED chips 1. 

[0088] In another embodiment shown in FIQ. 28. ttie 
luminaire is featured in ttial ttie MID substrate 10 is 
formed on one surface of a metal pfate 21 in the form of 
a heat emitter provkled with dents and protrusions on 
ttie surfaces, and ttie LED chips 1 are mounted to ttie 
tx)ttom and side surfaces insMe each of ttie dente 11 
formed in ttie substrate 10 In conformity to ttie dente 
and protrusions of the plate 21. 
[0089] Manufacturing steps of the substtate 10 In ttie 
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present embodiment shall be briefly described next 
The metal plate 21 of. for example, copper having the 
dents and protrusions In Hs surfaces is placed in a mold, 
and the substrate 1 0 is formed on the plate by means of 
the insert injection molding. For the electrically insulat- 
ing material of the substrate, polyimide. polyether imide. 
polyamide. liquid crystal or the Gke is employed, likewise 
the emtxxiiment of FIQ. 1 . The metsU plate 21 is prelim- 
Inarily formed in the three-dimensional configuration 
having the dents and protrusions ksy means of the sheet 
metal working, machine working, chemical etching or 
the like (more concretely, many of the dents 11 for 
mounting the LED cNps 1 are fonrned). 
[0090] After alkali-degreasing the above substrate 
molded, the metal plate 21 chemically etched to activate 
its surfaces. Then, the insulating substrate 10 is 
plasma-processed for surface activation and fine rough- 
ening. Thereafter, the metal layer is formed to prcvkie 
the circuit parts 12 and non-drcuit parts 13. Eventually, 
the LED chips 1 are mounted witiiin the dents 1 1 of the 
sut>strate 10 and are sealed with the transparent resin, 
and the diffuser 15 is mounted on the chip mounting 
side of the substrate 10 to complete the LED luminaire 
module. 

[0091] According to the present embodnnent as has 
been described, the heat generated by the LED ttvps 1 
can t)e removed as emitted efficiently by means of the 
increased surface area of the metal plate 21 by the pro- 
visfon of the dents and protrusions In the surfaces, 
whereby the temperature of the LED chips 1 can be pre- 
vented from rising, the luminous efficiency €UxJ lumi- 
nance can k>e prevented from being deteriorated, and 
the life of the LED chips 1 can be prolonged. 
[0092] In another emtjodiment shown in FKB. 29 of the 
present invention, the luminaire is featured in that a heat 
emitting fin 25 contacting at least with part of the LED 
chip 1 is provided. The heat emitting fin 25 is formed by 
means of an aluminum die casting and is iriserted in a 
moM to be made integral with the substrate 10 through 
the insert injection molding. For the electrically insulat- 
ing material, polyimide. polyether imide. polyamide. liq- 
ukl crystal or the like is used, likewise the embodiment 
of Fia 1. The ttius mokled substrate is alkali- 
degreased, and thereafter the heat emitting fin 25 is 
chemicany etched at the surfaces to activate them. 
Then the surfaces of the insulative substrate are 
plasma-processed for their activation and fine roughen- 
ing. Thereafter, the metal layer is formed to provide the 
circuit parts 12 and non-circuit parts 13. Eventually, the 
LED chps 1 are mounted in the respective dents 11 of 
the suk)6trate 10 and are sealed by the transparent 
resin, and the diffuser 15 Is mounted on the chip mount- 
ing side of tiie suk>strate 10 to complete the LED lumi- 
naire modula Here, the LED chips 1 mounted in the 
dents 1 1 are partly brought into contact with the heat 
emitting fin 25. 

[0093] According to the present err4>odiment as has 
been described, the heat generated at the LED chips 1 



can be removed as enrutted effidentiy through the heat 
emttting fin 25 since the heat emitting fin 25 contacting 
with at least part of the LED chq^s 1 1s integrally molded 
with the sut)6tmte 10. whereby the temperature of the 
5 LED chips 1 can be prevented from rising, the luminous 
efficiency and luminance can l>e prevented from being 
deteriorated, and the life of the LED chips 1 can be pro- 
longed. 

[0O94] In anottier embodiment shown in FIQ. 30 of the 

10 present invention, many protrusions 26 are disposed 
length¥vise and crosswise on one surface of the MID 
substrate 10, and tiie LED Mps 1 are mounted respec- 
tively to top of each of these protrusions 26. 
[0095] In manufacturing steps of the above sut)6trate 

IS 10. such electrically insulating material as polyimide, 
pdyetiier invde. polyamide. liquid crystal or the like is 
employed to form the Insulative base by means of ttie 
injection molding, and the protrusfons 26 are formed at 
mounting positions of the LED chips 1 while through 

20 holes 26a are formed within the protrusions 26. 

[P096] After alkafi-degreasing tfiis insulative base. Its 
surfaces are plasma-processed to perform the surface 
activation and fine roughening. Thereafter, the metal 
film (platbig ground layer) is formed with copper, silver, 

25 gold, nickBl. platinum, palladium or the like ijy means of 
tiie sputtering or vacuum evaporation on tiie surfece of 
. the insulative k>ase. Then, the metal film at the boundary 
zone of the non-circuit parts 13 with resped to the cir- 
cuit parts 12 is removed by the irradiation of such elec- 

30 tromagnetic waves as laser or the Bke. Then an electric 
power is suppGed to tiie circuit parts, and the substrate 
10 is cbteined in the form of a circuit substrate on which 
the metal film of a predetermined thictaiess is formed by 
means of electric copper plating, for example, with a 

36 copper sulfate plating bath. Thereafter heat emitting 
pins 26b are urged into the through holes 26a formed in 
the protrusions 26. 

[P097] The LED chips 1 are mounted respectively 
ontoeachoftheprobiiston8 26ofthesut)slrate 10 thus 

40 obtained through the above process, and the circuit 
parts Onduding the heat emitting pins 26b) and the LED 
chips 1 are electrically joined (cfie-bonding) by means of 
an electrically conductive adhesive. Thereafter, the top 
electrodes of the LED chips 1 and tiie circuit parte are 

45 joined ttirough metal wires (wire-bonding) . By minror-f in- 
iehing peripheral slopes of tiie protrusions 26 on which 
the LED chips 1 are mounted so as to act also as reflec- 
tor surfaces, it is possitsle to attain the high luminance 
and high luminous efficiency. Next, the LED chips 1 are 

so sealed with the transparent resin, and eventually the dif- 
fuser consisting of transparent resin or the like is 
mounted on ttie mounting side surface of the 8ul>strate 
10 to complete the LED luminaire module of the present 
^nbodiment. 

ss [0098] According to the present embodiment as has 
t>een described, it is possible to remove tiie generated 
heat of the LED chips 1 as efficiently emitted by means 
of the heat emitting pins 26b provided within the sut>- 
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strate 1 0 below the LED chips 1 to b in contact with at 
least part f the LED chips 1 , whereby the temperature 
of the LED chips 1 can be prevented from rising, the 
luminous efficiency and luminance can be pre>^ented 
from being deteriorated, and the life of the LED chips 1 s 
can be prolonged. 

[0099] In another embodiment shown in FIG. 31 of the 
present inventioa the luminaire is featured in that a cop- 
per dad metal element, i.e., a metal element 19 is pro- 
vided on opposite side of the MID substrate 10 to the io 
side having many of the dents 11, an electrically con- 
ductive layer 19a of this metal element 19 is made to be 
the ground for the LED chips 1 , and a chip part 19A of 
such circuit elements as IC. resistors, capacitors and so 
on which forming a control circuit for controlling the light is 
emission of the LED chips 1 is mounted on an insulative 
layer 1 9b of the metal element 1 9. For other respects of 
this embodiment they are substantially the same as 
those in the embodiment of FIG. 1 . and their description 
is omitted while the same constituents as those In Fia so 
1 are denoted in FIG. 31 by the same reference sym- 
bols. 

[0100] Next, the manufacturing steps of the substrate 
10 of the present embodiment shall be bri^ly 
described. First the insulative layer of the metal ele- 2s 
ment 19 is formed in a mold through the insert injection 
molding. For the electrically insulating layer, similar to 
the embodiment of FIG. 1, polyimide, polyether imide, 
polyamide, liquid crystal or the like Is used. After cdkaii- 
degreasing the insulative layer, its surfaces are plasma- so 
processed to have them activated and finely roughened. 
Thereafter, the metal layer is formed to provide the cir- 
cuit parts 12 and non-drcuit parts 13. then the LED 
chips 1 are mounted on the conductive layer 1 Sa of the 
metal element 1 9 exposed at the bottom of the dents 1 1 35 
in the substrate 10 and are sealed with the transparent 
resin. 

[0101] Here, in the present embodiment, the circuit 
(wiring pattern) for providing the control circuit is formed 
on the insulative layer 1 9b of the metal element 1 9, after 4o 
sealing by the transparent resin the LED chips 1 
mounted in the dents 1 1 . This pattern forming process 
may k>e either one of exposure/etching process and 
laser patterning process which are general processes 
for fomiing printed wiring board. Then, the LED lumi- 4s 
naire module is completed by mounting with solder the 
chip part 20 of such drcUft elements as the IC. resistors, 
capadtors and so on after forming the drcuit pattern. 
[0102] According to the present embodiment as has 
been described, the metal element 19 and LED chips 1 so 
are brought into direct contact with each other by form- 
ing a ground with the LED chips 1 mounted to the con- 
ductive layer 19a of the copper clad metal element 19 
insert-molded on the substrate 10. so that the heat gen- 
erated by the LED chips 1 can be removed as efficiently ss 
emitted by the metal substrate 19, whereby the temper- 
ature of the LED chips 1 can be prevented firom rising, 
the light emitting eff idency and luminance can be pre- 



vented from being deteriorated, and the lit of the LED 
chips 1 can be prolonged. Further advantage can be 
attained in that the module can be minimized in size by 
nnounting the drcuit elements of the circuit for control- 
ling the light emission of the LED chips 1 to the insula- 
tive layer 19b of the metal element 19. and a sNelding 
of the drcuit chip part 20 with respect to noise also can 
be achieved. 

[01 03] In another embodiment shown in FIG. 32 of the 
present invention, the luminaire is featured in that the 
substrate 10 having many dents 11 in one suriace is 
provided witti ventilating through holes 26a communi- 
cating the respective dents 11 mounting therein the 
LED chv>s 1 with rear surface side of the substrate 10. 
[0104] The through holes 26a are formed upon mold- 
ing the MID substrate 10. The fdlowing steps are the 
same as in the embodiment of Fia 1, and their descr^- 
tion is omitted here, except that the sealing with the syn- 
thetic resin is not performed after the mounting of the 
LED chijps 1 in the dents 11 of the subsb^ate 10. 
[01 05] As has been refen^ed to. in the present embod- 
iment, it is possible to prevent the temperature of the 
LED chps 1 from rising, by causing the generated heat 
of tiie LED chips to be dispersed with air cun*ent of con- 
vection, with the provision of the ventilating through 
holes 26a comnrunicating tiie dents 1 1 with tiie rear sur- 
iace ade of the substrate 10. whereby the luminous ^i- 
dency and luminance of the LED chips can be 
prevented from being deteriorated, and the Kffe of the 
chips also can be profonged. 
put 06] In another embodiment shown in FIGS. 33 and 
34 of the present Inventfon, the luminaire is featured in 
that an MID substrate 10B to which the LED chips 1 are 
three-dimensionally mounted and a flexible substrate 
IOC are formed integral, and a flexible or bendable 
composite substrate 10 is constituted. 
[0107] Here, manufacturing steps of the substrate 10 
of the present embodiment shall be described only for 
different respects from the enfoodiment of FIG. 1. The 
flexible substrate IOC made of polyimide on which a dr- 
cuit has been prellmincuily formed is put In a mold, and 
the fle)dble substrate IOC is copied on a molded artide 
by means of an irfedfon molding. At portions of the 
molded artide where the LED chips 1 are mounted, 
thick parts, i.e.. protnistons 43 are fbnfned. Taking into 
account the bendabillty, tiie f lexble substrate IOC is left 
as It Is at portions between the respective thick parts 
10D. The sealing with the resin is also performed only in 
the vidnity of the l-ED chips 1 , so that the sealing resin 
twill not be directly bent and ttie whole substrate will be 
still rendered easily bendable. The ttius molded sid3- 
strate is alkali-degreased and, thereafter, the same 
steps as in the embodiment of FIG. 1 are performed to 
complete the substrate 10. 

[0108] According to the present embodiment as has 
been described in the above, it is made possible to 
render tiie substrate 10 to be bendable and to easily 
vary the light distribution characteristic by Integrally 
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forming the MID substrate 10B on which the LED chips 
1 are mounted wHh the flexible substrate IOC and con- 
stituting the flexible or bendable substrate 10. In addi- 
tion, the lumlnaire can be easily mounted to a housing 
or the like of the tuminaire without using any screw or s 
the like, by utilizing the f lexit>ility of the substrate 1 0. 
[01 09] In another emlsodiment as shown in FIG. 35 of 
the present invention, the luminaire is featured in that 
the substrate 10 in the respective dents 11 of wtuch a 
plurality of the LED chips 1 are mounted as in the 
embodiment of FIQ. 1 can be freely cut along line "O" 
into every dimensionaJ unit containing a predetermnried 
number of the LED chips 1. Basic constituents of the 
8ut>strate 10 and so on are substantially the same as 
those in the embodiment of FIG. 1 . and their description 
is omitted here by denoting the same constituents as 
those In FIG. 1 with the same reference symt>ols in FIG. 
35. 

[0110] As shown in FIG. 36, the circuit of the present 
embodiment is constituted such that a predetermined 
nunii>er of the LED chips 1 nxxjnted on the substrate 1 0 
are connected in series, such series drcuits are respec- 
tively connected, through resistors R1, between a 
power source line LI and the collector of a SMritching 
element Q1, the emitter of this switching element Q1 is 
connected through a resistor R2 to a ground line L2, 
and the t^ase of the switching eiem^ Q1 is connected 
through resistors R3 and R4 respectively to the power 
source line LI and ground line L2. Across the power 
source line LI and ground One L2, a direct current volt- 
age DC is applied. 

[0111] Then, the substrate 10 is made for easy cutting 
at proper cutting position "O" between the respective 
series circuits of the LED chips 1 . so as to be a unit with 
required number of the LED chips 1. Here, the number 
of the LED chips 1 for each unit should correspond to an 
output, lacewise the fluorescent lamp wttich is formed 
with a lamp tube corresponding to the output (10, 15. 20 
and 30 VtO. to be convenient in handling. Further, the 
suk)strate 1 0 should preferably be provided with grooves 
for rendering it to be easily cut Since the manufacturing 
steps of the sut^strate 10 are the same as those in the 
entxxfiment of FIQ. 1 . their description is omitted here. 
[0112] According to the present embodiment as has 
been descrbed, there are brought atxxjt such advan- 4s 
tages that the sut>strate 10 can be used as cut into a 
dimension allowing a required Intensity of IllunHnation to 
be ol>tajned since the substrate can be freely cut in any 
dimensional unit containing a predetermined number of 
the LED cNps 1 , so as to be highly effteient, aivi that the eo 
sukistrate 10 can be manufactured at a large unit 
enough Ibr deaeasing marufacturing costs. 
[0113] According to the present embodiment, in par- 
ticular, at least either the dent or the protrusion is 
formed in a plurality arvd one or a plurality of the light ss 
emitting diode element is provided with respect to each 
dent or protrusion, and there are advantages that an 
optional fight distrilxjtion can be obtained and the lumi- 



naire can be made thinner. 

[P1 1 4] In another embodiment shown bi FIG. 37 of the 
present Inv&ition. 1h tumlnair is constituted by dispos- 
ing the substrate 10 to which the LED chips 1 are 
mounted and resin-sealed on one side surface of a light 
guiding 29 made with acrylic resJn Into a rectangular 
paralleloptped as the optical control means. 
[0115] The light guiding 29 has a reflection pattern 
sheet 10g on which a reflection pattern lOf is printed, as 
disposed on another side surface intersecting at right 
angles the one side surface on which the substrate 10 is 
disposed. Further, the substrate 10 is provided as cov- 
ered 1^ a reflector plate (not shown) so that the fight 
from the LED chips 1 will be efficiently incident inside 
the light guiding 29. TTie r^lection pattern sheet lOg is 
formed by printing the reflection pattem lOf with white 
color for performing an optional distrfoution of light, 
while the reflection pattern 10f of circular marks will k>e 
coarse on the side closer to the substrate 10 kxit dense 
on the side separated from ttie sut^strate 10. 
{P116] Accordingly, the light emitted fimi ttie LED 
chips 1 is made incident into the figtit guiding 29 and. 
through multiple reflection on the reflectiCMi pattem lOf 
and so on, radiated out of the side surface opposing the 
reflection pattern sheet lOg, as sfiown t>y anrows. Here, 
as the light is caused to perform the multiple reflection 
inside the light guiding 29 to be of uniform distnlxition of 
luminance, and it is enabled to prevent any non-uniform 
luminance of ttie LED chip 1 from occurring. 
[01 1 7] The reflection pattern 1 0f may even be directty 
printed on the surface of the light guiding 29 or may l>e 
replaced by any other means than ttie printing, such as 
a grooving work or the like, suitable for an irregular 
reflection. In tills case, tiie light is radiated out of twtti 
side surface of the light guiding 29, and the emission 
efficiency can be improved. 

IP118] Further, the light guiding 29 may also be 
formed integral with the substrate 10 by means of the 
sealing resin for sealing the surface of the sutsstirate 10. 
Further, wtiile the LED cfiips 1 may be monochromatic, 
it is possble to employ a plurality of types of the LED 
chips 1 different in the luminous color. In which event the 
light bleixfing is easier and an optional color of fight can 
be obtained. 

[01 1 9] In the present embodiment as in the above, the 
light distrixition control can be attained by the light 
guiding 29 per se, so that an image of ttie light source 
disappears, it is made unnecessary for the cotor t>lend- 
ing to control the emitted ligtit of the respective LED 
chips one by one, and there arises an advantage that 
any other optical control means tfian the fight guiding 29 
can be omitted. 

[01 20] In another embodiment shown in FIG. 38 of ttie 
present invention, the optical control means is made 
movable in contrast to the foregoing optical control 
means disposed stationary in the embodiments of 
FIGS. 33-37. That is. ttie LED luminaire 30 is consti- 
tuted witti ttie substrate 10. LED chips 1 R, IGand IB of 
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red. green and blue and disposed in ach dent 11b 
formed in the substrate 10. molded layer 10A for the 
sealing, prism lens plate 27c acting as a stationary opti- 
cal control means for the light distribution control, and 
further prism lens plate 27d of the same configuration 
and disposed rotataUe in a plane parallel with the sub- 
strate 10 and in front of the stationary prism lens plate 
27c. 

[0121] With the further prism lens plate 27d rotated, it 
is possible to control the distribution of light as a whole 
of the LED chips 1 R. 1Q and 1 B arranged on the sub- 
strate 10, to have the state of color blending varied. At 
this time, the LED chips 1 may be monochronmtic. 
[0122] Further, while in the emlxxliment of FIG. 38 
only one of the two prism lens plates 27c and 27d is 
made rotatabie. it is possible to dispose both of them 
rotatable. Further, it is also possible to form the optical 
control means wHh a single movable prism lens plate. 
[0123] In another emtxxfiment shown In FIG. 39 of the 
present invention, the luminaire is so formed that the 
substrate 10 Is provided with a plurafity of parallel rows 
of sloped side surfaces 10a of the protrusions substan- 
tially of a right angled triangle in section, the LED chips 
1 are disposed on sloped side surfece of the respective 
sloped side faces 10a to control the distritxition of light 
of the LED chips 1 at the stage of their mounting, and 
microlens plate 27 is disposed rotatable in the plane 
parall^ to the sut>strate 10 in front of the LED chips, the 
lens being thus single here. 

[0124] Thus, in the present embodiment at least one 
of the movable optical control means such as the prism 
lens plate 27c is employed, so that the distribution of 
light can be optionally varied by actuating the optical 
control means, and the user is allowed to easily peribmi 
the light distribution control desired at installed position 
off the luminaire. Therefore, the illumination appliance 
incorporating this LED himinaire 30 is not required to be 
changed in its direction when the distrikxition of light is 
modified. 

[01 25] In another embodiment shown in FIG. 40 of the 
present invention, the luminaire Is formed for controlling 
also the direction of the light distribution, by controlling 
the mounting direction of the LED chips 1 by means ol 
the siA)strate 10 which comprises an MID substrate 
which is moldable into tfie ttiree dimensional configura- 
tion, whereby a precise light distribution control is ena- 
bled as combined with such optical control means as 
the prism lens plate 27. 

[0126] In the above, the resin material for use as the 
MID substrate may be any resin material, while such 
one desirat)]y excellent in the electrical properties or in 
heat emission properties as tiie liquU crystal polymer is 
employed in the present emtxxfiment. Further, the sut>- 
strate is formed in the three<limensional configuration 
having the protrusions of the right angled triangle In 
section similar to the embodiment of FIG. 38, so as to 
be able to mount the LED chips 1 in the direction of Bght 
distrbution. and the sloped side surface 10a of such 



protrusion is used as the mounting surface. 
[01 27] According to the present invention as has been 
described, generally, ttie substrate is provided witti at 
least either of the dents and protrusions, and one or a 
5 plurality of the LED chfp or chips is disposed with 
respect to each of ttie dents or protrusions, sotiiat tiie 
optional cfistrbution of light can be easily attained and 
ttie luminaire can be thinned, as will be readily appreci- 
ated. 

10 

Claims 

1. An LED luminaire comprising a plurality of LED 
chips, a substrate on which ttie plurality of LED 

75 chips are mounted, and a light control means pro- 
vided to the substrate fbr controlling ttie distribution 
of fight emitted t)y the respective LED chips, 
wherein ttie light control means includes at least 
one of a plurality of dents and a plurality of protru- 

20 sions formed at positions where ttie LED chips are 
mounted. 

2. The luminaire according to claim 1 wherein the sut>- 
strate comprises a resin molded printed-circurt sub- 

25 strate. 

3. The luminaire according to claim 1 wherein the plu- 
rafity of ttie LED chips Include at least two types of 
ttie LED chips mutually different In luminous color. 

30 

4. The luminaire according to daim 1 wherein ttie sub- 
strate is constituted for providing a regularity in ttie 
direction of emission to ttie plurafity of ttie LED 
chips. 

35 

5. The luminaire according to daim 1 wherein the sut> 
strate is formed in multilayers ttie central portion of 
wtiich is raised. 

40 6. The luminaire according to daim 1 wherein at least 
one of the plurality of the dents and a plurafity of the 
protrusions of ttie light control means are formed on 
both side surfaces of ttie sut>strate. 

45 7. The luminaire according to claim 1 wherein ttie light 
control means comprises the substrate per se 
fonned wtth a lighl transmitting material. 

8. The luminaire according to daim 7 wherein the LED 
so chips are respectively provided with a power-SMp- 

plying electrode section made of a transparent con- 
ductor. 

9. The luminaire according to daim 1 wherein the LED 
55 chips respectively comprise a P-type semiconduc- 
tor and an N-type semiconductor which are 
ananged substantially in vertical witti chip-mount- 
ing surbce of ttie substrate. 
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10. The iuminaire acoordng to claim 1 wheren a fluo- 
rescent substance is applied at least to the posi- 
tions of mounting ttie LED chips. 

1 1 . The luntinaire according to claim 1 wherein the sub- s 
strate is provided at least partly with a metal plate 

as a ground of the plurality of the LED chips, the 
chips being brought into contact with the metal 
plate. 

10 

12. The luntinaire according to ciaim 1 wtierein the sub- 
strate is provided integrally with a oopper-clad 
metal substratei the plurality of the LED chips being 
mounted on copper-dad part formed on one sur- 
fiace of the metal substrate to be a ground, and the is 
light control means comprises circuit elements 
mounted on the other surface of the metal sub- 
strata 

20 
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